An actinobacterium, designated strain DLS-70 T , was isolated from a soil sample from the surface of a rock on the peak of Darangshi Oreum (a volcanic cone) in Jeju, Republic of Korea. Substrate mycelium was produced abundantly on most of the media tested. Spiral chains of spores with warty surface developed on the aerial hyphae. A phylogenetic tree based on 16S rRNA gene sequences showed that strain DLS-70 T belonged to the genus Actinomadura and was most closely related to Actinomadura bangladeshensis DSM 45347 T (98.9 % sequence similarity), Actinomadura madurae DSM 43067 T (98.8 %) and Actinomadura chokoriensis DSM 45346 T (98.6 %). Chemotaxonomic observations supported the assignment of the isolate to the genus Actinomadura. DNA-DNA relatedness values between strain DLS-70 T and the type strains of the closest phylogenetic relatives were less than 20 %. On the basis of data from this polyphasic study, strain DLS-70 T (5KCTC 29224 T 5DSM 45941 T ) is considered to represent a novel species of the genus Actinomadura, for which the name Actinomadura darangshiensis sp. nov. is proposed.
The genus Actinomadura Lechevalier & Lechevalier 1970 emend. Kroppenstedt et al. 1990 is classified in the family Thermomonosporaceae Rainey et al. 1997 emend. Zhi et al. 2009 together with the genera Actinoallomurus (Tamura et al., 2009) , Actinocorallia, Spirillospora and Thermomonospora (Stackebrandt et al., 1997) and, at the time of writing, consists of 49 species with validly published names (http://www. bacterio.net). Members of this genus can be readily differentiated from other genera in the family using a combination of morphological and chemotaxonomic markers (Trujillo & Goodfellow, 2003; Tamura et al., 2009) . During a study on bacterial diversity from the surface of a rock, many novel mycelium-forming strains were isolated from soils collected from a volcanic cone in Jeju, Republic of Korea (Seo & Lee, 2010; Lee, 2012a) . In the present study, the isolation and taxonomic classification of one of these actinobacterial strains, DLS-70 T , is described on the basis of a polyphasic approach.
Strain DLS-70
T was isolated from a soil from the surface of a rock on the peak of Darangshi Oreum (a volcanic cone) in Jeju, Republic of Korea, by the dilution plating method using starch-casein agar as the selective medium (Seo & Lee, 2010) . A colony was subcultured on ISP (International Streptomyces Project) medium 2 (Shirling & Gottlieb, 1966) at 30 uC and the purified strain was maintained as a suspension of mycelia or spores in 20 % (v/v) glycerol at 220 and 280 u C. For phenotypic and genotypic comparison, Actinomadura bangladeshensis DSM 45347 T , Actinomadura chokoriensis DSM 45346 T and Actinomadura madurae DSM 43067 T were grown on ISP 2 medium at 30 u C.
Growth of strain DLS-70 T was examined using series of ISP media (ISP 2-7) (Shirling & Gottlieb, 1966) . Cultural characteristics were observed after incubation for 14 days at 30 u C. Cell morphology was observed by scanning electron microscopy (model JSM-6500; JEOL), with cells grown on ISP 4 medium for 17 days. The specimen for electron microscopy was prepared as described previously (Seo & Lee, 2010) . Growth at different temperatures (4, 10, 20, 30, 35, 37, 42 and 45 C) , pH 4.0-10.0 (at intervals of 1 pH unit) and with 0-6 % (w/v) NaCl (at intervals of 1.0 %) was investigated on ISP 2 medium and the results were recorded after incubation for 2 weeks at 30 u C. The pH of ISP 2 medium was adjusted using several buffers (0.1 M final concentration): sodium acetate buffer for pH 4-6, potassium phosphate buffer for pH 7-8, Tris/HCl buffer for pH 9 and glycine/NaOH buffer for pH 10. Gram staining was performed by using the Gram 2 kit (bioMérieux) according to the instructions of the manufacturer. Utilization of carbohydrates and organic acids was examined on ISP 9 medium (Shirling & Gottlieb, 1966) , as described by Lee (2012a) . Degradation of several compounds and enzyme activities such as nitrate reductase, gelatinase and amylase were examined as described by MacFaddin (1980), Gordon et al. (1974) and Lee (2012a) .
Cell morphology of strain DLS-70 T was characterized by formation of substrate and aerial mycelia on most of the media tested. Spore chains that were arranged in spirals developed on the aerial hyphae (Fig. 1a) . The spore surface was warty (Fig. 1b) . Strain DLS-70 T showed good growth on ISP 2, 3 and 7 media and moderate growth on ISP 4, 5 and 6 media. Vegetative hyphae were produced abundantly on most of the media tested and the colour was yellowbrown (on ISP 2, 3, 4 and 6 media) or white to cream (on ISP 5 and 7 media). The whitish aerial mycelium was produced abundantly on ISP 3 and 7 media and moderately on ISP 4 medium. Diffusible pigments were not produced on any of the media tested (Table S1 available in the online Supplementary Material). Data for other physiological and biochemical properties are given in Table 1 and the species description.
For chemotaxonomic characterization, cell biomass of DLS-70 T and A. madurae DSM 43067 T was obtained from cells grown in ISP 2 broth for 7 days at 30 u C with shaking, washed twice with distilled water and freeze-dried before use. Cell-wall diamino acid (Staneck & Roberts, 1974) and sugars (Saddler et al., 1991) were analysed by onedimensional TLC and GC, respectively. Isoprenoid quinones and polar lipids were extracted by the integrated procedure of Minnikin et al. (1984) and analysed by HPLC (Kroppenstedt, 1985) and two-dimensional TLC (Minnikin et al., 1977) , respectively. Mycolic acids were analysed as described by Minnikin et al. (1980) . For analysis of cellular fatty acids, cells of strain DLS-70 T were grown on ISP 2 medium for 7 days at 30 u C. The preparation and analysis of fatty acid methyl esters were performed according to the instructions of the Sherlock Microbial Identification System (version 4.5; MIDI), using the TSBA5 library for identification of fatty acids. The DNA G+C content of strain T was determined through analysis of a deoxyribonucleoside mixture prepared from genomic DNA using HPLC (Mesbah et al., 1989) .
The results of chemotaxonomic analyses supported the assignment of strain T to the genus Actinomadura. Whole-cell hydrolysates of strain DLS-70 T contained mesodiaminopimelic acid and madurose as the diagnostic diamino acid and characteristic sugars, respectively. A large amount of glucose was also detected as a non-diagnostic sugar, with minor amounts of galactose, ribose and mannose. The menaquinones detected in extracts of strain DLS-70 T were MK-9(H 6 ) (73 %) and MK-9(H 8 ) (19 %) with a small amount of MK-9(H 4 ) (7 %). The polar lipids comprised phosphatidylinositol with small amounts of diphosphatidylglycerol, phosphatidylglycerol and two unknown phospholipids (Fig. S1 ). Mycolic acids were absent. The predominant fatty acids (.10 % of the total) were C 16 : 0 (33.8 %), C 18 : 1 v9c (10.8 %), 10-methyl C 18 : 0 (tuberculostearic acid; 10.7 %) and iso-C 16 : 0 (10.1 %). The cellular fatty acid profiles of strain DLS-70 T and reference strains A. bangladeshensis DSM 45347 T , A. chokoriensis DSM 45346 T and A. madurae DSM 43067 T are given in Table 2 . Strain DLS-70 T could be differentiated from the related strains by the relative proportions of the major fatty acids.
For determination of 16S rRNA gene sequence, DNA G+C content and DNA-DNA relatedness values, DNA was extracted from cell biomass as described by Hopwood et al. (1985) . The PCR amplification and sequencing of the 16S rRNA gene of strain DLS-70 T were performed as described by Lee (2012a) . A partial 16S rRNA gene sequence (1433 nt) determined for strain T in this study was aligned with the corresponding sequences of the genus Actinomadura by using the CLUSTAL X program (Thompson et al., 1997) . After manual optimization of the multiple alignments, a total of 1288 nt present in all sequences was used for reconstruction of phylogenetic trees. Phylogenetic analyses were performed as described previously (Lee, 2012a) . A neighbour-joining (Saitou & Nei, 1987) tree was reconstructed from evolutionary distances developed with the model of Jukes & Actinomadura of the family Thermomonosporaceae. Asterisks represent the corresponding nodes that were also found in the maximum-likelihood (Felsenstein, 1981) and maximum-parsimony (Fitch, 1971) trees. Bootstrap values (.40 %) at the nodes were based on 1000 replications. Bar, 0.01 substitutions per nucleotide position.
